Objective: To test whether adding conditional growth centiles to size centiles of estimated fetal weight improves prediction of adverse neonatal outcomes in pregnancies with a small for gestational age (SGA) fetus or pregnancies at risk.
INTRODUCTION
Fetuses that are small for gestational age (SGA) are convincingly associated with increased risk of adverse perinatal outcomes [1] [2] [3] . Ultrasound assessment of fetal size is thus important in clinical management. An extension would be serial measurements to monitor growth, and constructing individual growth trajectories has been attempted 4 .
Another method utilizes the serial ultrasound measurements for quantifying individual fetal growth using conditional centiles [5] [6] [7] [8] ; in the following we address this method and use the expression 'conditional growth centile'. The method uses a previous measurement to condition individualized ranges for the subsequent measurement 9 .
These ranges are narrower and shifted toward the initial centile compared with reference ranges for the entire population. However, the literature on such centiles is scarce and controversial [10] [11] [12] [13] . Slow growth of the fetal biparietal diameter (BPD) was indeed associated with an increased risk of perinatal death 10 , and slow growth of the fetal abdominal area was found to be superior to the fetal abdominal area alone for predicting cesarean delivery due to fetal distress and newborn admission to a neonatal intensive care unit (NICU) 14 . However, according to Iraola et al. 12 , growth centiles seem to be inferior to customized centiles in predicting adverse neonatal outcomes, and another retrospective study found no benefits of using conditional growth centiles over conventional size centiles 13 .
Intuitively, conditional growth centile 5 th should reflect slow intrauterine growth, and therefore be a marker of perinatal risk separate from SGA. Thus, the aim of the present study was to determine whether adding conditional growth centiles to centiles of This article is protected by copyright. All rights reserved. singleton pregnancy who were referred for a 24-week ultrasound evaluation due to risk of having an SGA fetus, and pregnant women having had an ultrasound examination for any clinical indication and diagnosed with an SGA fetus, i.e. EFW 5 th centile were invited to participate in the study. Women who were invited to participate due to high risk had previously experienced preeclampsia and/or had given birth to an SGA ( 5 th centile) newborn 8 , had a chronic maternal disease such as hypertension, renal failure, systemic and rheumatic disease, or had a discrepancy of 14 days between the gestational age set by their last menstrual period (LMP) and that calculated via ultrasound. Women with pre-gestational diabetes were not included. Exclusion criteria were congenital malformations and chromosomal aberrations.
Gestational age was based on ultrasound scanning of fetal head circumference (HC) at gestational week 17-20 15 (n = 120) unless a first-trimester scan of crown rump length 16 had determined fetal age (n = 82), or if the day of conception was known due to conception via in vitro fertilization (n = 9 We estimated the necessary study size by an interim analysis using the "any adverse outcome" variable when the first 80 infants had been delivered. We used the loglikelihood test to assess whether adding conditional growth centile 5 th to a model with size 5 th centile significantly improved the model (P < 0.05) and estimated that a sample of 160 women was needed. To allow for potential withdrawals, exclusions, and incomplete data for some participants, the sample was expanded to 220 women.
Log-binomial regression analysis was used to assess whether size centiles and conditional growth centiles were associated with the outcomes, shown as Relative Risk.
To test whether size and conditional growth centiles had independent association with the outcomes, when adjusted for each other, both parameters were included in the model and results were shown as adjusted Relative Risk. Log-likelihood testing, which is used for comparing the goodness of fit of two models, was used to test the hypothesis that the addition of conditional growth centile to the size centile for the last measurement improved the prediction of adverse outcomes compared with that based on size centile alone. Sensitivity and specificity were used to demonstrate the effect. Possible collinearity between size and conditional growth centiles was assessed using variance
This article is protected by copyright. All rights reserved.
Accepted Article inflation factor (VIF) 22 . Statistical analyses were carried out using SPSS 22 (Statistical Package for the Social Sciences, SPSS, Chicago, IL, USA), and the threshold for statistical significance was set at P < 0.05.
RESULTS
Of the 227 women who were invited to enroll in the study, seven declined to participate.
Another three participants were excluded because of fetal malformations and one woman withdrew when she moved out of the area. Five women were not included in the statistical analysis due to missing serial biometric measurements. Thus, 211 participants were eligible for the analyses: 159 with a high risk of having an SGA fetus and 52 diagnosed with an SGA fetus. Among the high-risk participants, 71 had had a prior pregnancy with preeclampsia, 132 had given birth to a newborn with a birth weight 5 th centile, nine were included due to maternal disease (i.e. systemic lupus erythematosus, chronic renal failure, and chronic hypertension), and two were included because of a discrepancy of 14 days between the LMP and ultrasound fetal age dating. Of the 159 high-risk pregnancies, 54 had more than one cause for inclusion. Maternal characteristics and birth outcomes of the study population are listed in Table 1 Four of the 50 women with a preterm delivery had a spontaneous start of labor; the remaining 46 had either an induced labor (n = 22) or a primary cesarean delivery (n = 24), of which 21 were emergency cesarean deliveries (i.e. within 24 hours after making the decision). Delivery mode and indications of the preterm and term deliveries are given in Table 2 . The median gestational age at delivery in the preterm group was This article is protected by copyright. All rights reserved. +3 weeks in those who were induced, and 31 +3 weeks in those having a primary cesarean delivery. None were delivered preterm due to SGA alone; additional factors such as preeclampsia, abnormal cardiotocography, or fetal Doppler abnormalities were always present prior to decision for induction or cesarean delivery. The frequency of extreme preterm delivery (< 28 weeks) was 2.4% (n = 5), 15 (9.5%) fetuses were delivered between 28 and 33 +6 weeks, and 30 were late preterm births (34-36 +6 weeks).
Collinearity between size centiles and conditional growth centiles was well below accepted level, i.e. VIF below 1.5 for the 5 th and the 10 th centiles 22 . In the model conditional growth centile 5 and 10 exerted independent effects on the following adverse outcomes in the model: preterm birth, operative delivery due to fetal distress, admission to the NICU, and the 'any adverse outcome' variable (Table 3 and 4). Size centile 5 had independent association to operative delivery due to fetal distress and 'any adverse outcome' when adjusted for conditional growth centile (Table 3) . When cut off was set to 10 th centile, size had independent association to admission to NICU as well (Table 4) . Adding conditional growth centile to size centile 5 in the model resulted in a significant improvement, as estimated by log-likelihood test, in the prediction of preterm birth, operative delivery due to fetal distress, admission to the NICU, and 'any adverse outcome' ( Table 3 ). The 10 th centile for SGA, commonly used as a cutoff in clinical practice and research, showed similar results ( Table 4) .
The sensitivity for size centile 5 as predictor of 'any adverse outcome' was 60%
(95%CI: 49-69) and was not significantly changed when adding conditional growth centile in the model (39% (95%CI: 30-50)). On the other hand side, the specificity of This article is protected by copyright. All rights reserved.
Accepted Article 78% (95%Cl: 70-84) when using size centile 5 as predictor was significantly improved to 94% (95%Cl: 89-97) when conditional growth centile 5 was added in the model.
DISCUSSION
Generally, fetal size and growth are strongly related. Here we showed that they also have independent effects on a prediction model for adverse outcomes. Secondly, we found that combining the two parameters improves prediction. These results suggest that there is potential clinical usefulness in introducing conditional growth centiles into the surveillance of SGA pregnancies and those at risk thereof.
Although the study was not designed for testing the precision of predictors, we used specificity and sensitivity to illustrate the effects of the model. While sensitivity was not significantly changed by adding conditional growth centile to the size centile in the model, specificity improved from 78 to 94%. In healthcare systems where cesarean section and other obstetric interventions are common, it would be a valuable achievement to identify more precisely the SGA fetuses at low risk of adverse outcome since they would need less surveillance and interventions.
We did not exclude from the analyses cesarean section and other outcomes caused by maternal indications or other indications than fetal, but the analysis method we chose was able to discern the effects of size centiles and conditional growth centiles.
However, the precision of the prediction (e.g. specificity and sensitivity used for illustration in the present study) may be affected. Removing from the analysis This article is protected by copyright. All rights reserved.
Accepted Article prematurity caused by cesarean for maternal indication, such as severe pre-eclampsia, would have skewed the analysis for the following reasons. Severe pre-eclampsia occurred both in the SGA group and the normally sized group. In the SGA group all indications for intervention were a combination of SGA and additional conditions, while in the normally sized group maternal indications (e.g. severe pre-eclampsia) alone could lead to intervention. Removal of these intervention outcomes would affect only the normally sized group. Secondly, it is likely that pre-eclampsia influences fetal development and the likelihood of adverse outcome also in the normally sized group.
The large number of doctors (38) performing the measurements in the present study increased the variation, but also the external validity. We believe the results are valid for other departments but restricted to high-risk populations. Extrapolating to low-risk settings would require another differently designed study. This is illustrated by the sizable proportion of normally grown fetuses of this study. Few of these exhibited low conditional growth centiles ( Figure 1) ; five when cut off was set to the 5 th centile and six when the cut off was the 10 th centile. To explore the incidence of adverse outcomes in such a group would require a differently powered study.
Hutcheson et al. did not find a significant improvement in predicting adverse outcomes when comparing the use of conditional growth centiles with the use of size centiles 13 .
The present study is not comparable with that study, since we explored the combined Accepted Article conditional centile was based on birth weight given their EFW at gestational week 32, and more severe outcome variables were investigated. In contrast, the present study was prospective and used only prenatal assessment for the risk calculation in a high-risk group, and therefore more relevantly reflects the usefulness of growth surveillance.
The Danish study showing that low fetal BPD growth between the first and second trimesters increased the risk of perinatal death before 34 weeks of gestation 10 , reported seven perinatal deaths among 7642 pregnancies before 34 weeks. Four of the seven fetuses had a BPD growth rate 10 th conditional centile. The two newborn that died in our study were growth restricted. However, relative risk for perinatal mortality could not be estimated in the present study due to lack of events in the reference group.
Estimation of intrauterine fetal EFW using ultrasound imaging is associated with an uncertainty of 7.5-18.8% 23 , which is a problem when trying to identify the small fetus.
When extending to growth assessment that requires two or more measurements, the This article is protected by copyright. All rights reserved.
Accepted Article
Information of size and conditional growth centiles were available to the managing clinician, but in line with local and national guidelines, no pregnancy was induced or delivered preterm on the basis of fetal smallness alone. It is therefore likely that there was little risk of bias concerning outcomes. However, information of fetal size and conditional growth centile may have influenced the examination frequency increasing the probability of abnormal CTG and Doppler findings leading to earlier intervention and prematurity in some cases. IUGR is closely related to hypertensive disorders, which was a contributing indication for delivery in 11 (50%) of the preterm inductions and in 14 (58%) of preterm cesarean deliveries. Thus maternal hypertensive disorders influenced the total number of preterm births.
It has previously been shown that SGA is associated with an increased risk of intrapartum fetal distress compared with AGA 25-27 and a correspondingly increased risk of cesarean delivery 14, 28, 29 . The increased risk of vaginal instrumental delivery due to fetal distress in the second stage of labor found in our study for those with birth weight 10 th centile corroborates with such studies.
While it is intuitive that a low conditional growth centile should be an important parameter when managing pregnancies at risk of growth restriction, the existing literature does not unequivocally support its use. The present results should encourage its use in clinical practice and research particularly since well-documented reference ranges and models for calculating conditional centiles during longitudinal observations are now available 8, 17 . between those without and those with adverse outcomes. † Pre-gestational hypertension (n = 7), rheumatic disorder (n = 2), chronic renal failure (n =2), congenital valvular defect (n =1). Inclusion of conditional growth centiles in the model in addition to size centiles significantly improved the prediction of preterm birth, (P = 0.023), operative delivery due to fetal distress (P = 0.028), admission to NICU (P = 0.022), and any adverse outcome (P = 0.023), log-likelihood test CI, confidence interval * The two independent covariates, size centile and conditional growth centiles, are both included in the analysis † Inclusion of conditional growth centiles in the model in addition to size centiles significantly improved the prediction of preterm birth, (P = 0.015), operative delivery due to fetal distress (P = 0.014), admission to NICU (P = 0.024), and any adverse outcome (P = 0.012), log-likelihood test

CI, confidence interval
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